The coastal area of Bangladesh is topographically susceptible to disaster where climate change addresses a new depressing effect to coastal agriculture. The main objective of the present study was to explore the impacts of climate changes on agriculture and changing adaptive strategies in the coastal area of Lakshmipur in Bangladesh. Primary data were collected through field observation survey, questionnaire survey and Focus Group Discussion (FGD). To conduct the questionnaire survey, around 120 respondents have been selected randomly from the coastal areas of Ramgati and Kamal Nagar upazilla under Lakshmipur district. The whole survey was conducted during monsoon and winter seasons in the month of March 2014 to February 2015. The present study was carried out through primary and secondary sources of data collection. Field observation survey, questionnaire survey and Focus Group Discussion (FGD) (during March, 2014 to February, 2015 were accomplished for collecting primary data. The questionnaires contained structured and close ended questions to collect the information through face to face interview from the respondents. Secondary data were collected from Bangladesh Meteorological Department (BMD). Collected data were processed and analyzed by the help of Statistical Package for the Social Sciences (SPSS: version-16) and map of study area were prepared by Arc GIS 9.1 software. The results revealed that about 87.5% of respondents have experienced climate change and its impact on their agriculture gradually from 40 years. They also perceived increase in temperature, drought, flood, cyclone and salinity intrusion, rain less winter season, long summer season, unpredictable rainfall, and changing the monsoon respectively. About 96.6 % respondents perceived decrease in rainfall. Results also revealed that about 53% of respondents experienced severe intensity of major climate change induced disasters. Furthermore, 9% respondents experienced little bit severity. Agricultural crops cultivation is changing from previous time due to the climate changing events and decreasing crop production due to their damaging effects. Almost 40% of respondents in the study area were not familiar with coping strategy in response to climate change. They tried to adjust and cope with cultivation of short duration crops, introducing new variety and making embankment.To minimize the effects of climate change short duration crops, new variety and making embankment for crop cultivation need to adopt in study area.
dependency on rain-fed, poverty, lack of skilled labor forces, inequitable land distribution and poor infrastructure; the agriculture of Bangladesh is dependent on weather and for that reason it is highly vulnerable to climate change 3 .
Bangladesh is located between 20°34' to 26°38' N latitude and 88°01' to 92°42' E Longitude and occupies an area of 147,570 km 2 with a coastal area of 47,211 km 2 , which contains 32% of its total land mass 4 . The coast of Bangladesh is approximately 711 km. long which has a very low-laying flat topography. About 62 % of the land comprising an elevation less than 3 meters 5 . It is one of the most populated countries in the world and the population of the coastal zone of Bangladesh is 35.1 million in 2011 6 . Bangladesh is one of the top 10 nations that are mostly vulnerable to climate change 7 due to its low-lying and flat topography in southeastern region, subjected to riverine flooding (due to sea level rise), frequent cyclones, storm surge, heavy rainfall, tornados, river bank erosion, salinity, high population density, high level of poverty, and solely reliance of livelihoods on climate-sensitive sectors [8] [9] [10] [11] [12] . World Bank 13 , has projected that the sea level would rise up to 10 cm, 25 cm and 1 m respectively by the year 2020, 2050 and 2100 in Bangladesh. The latest IPCC 14 provided a scenario where they stated that, sea level will rise 9 to 88 cm by the year 2100. Sea level rise could potentially make 33 million refugees by 2050 and up to 43 million by 2080 15 in Bangladesh. According to IPCC 16 , the mean annual temperature will rise 3.3 °C per century. Global Circulation Model (GCM) results predict an average temperature increase of 1.0°C by 2030 and 1.4°C by 2050 16 . The BUP-CEARS-CRU 17 , study reported a 0.5°C to 2.0°C rise in temperature by the year 2030 in Bangladesh. According to Climate Change Cell, 9 monsoon rainfall may increase by 11% by 2030 and 27% by 2070, where the BUP-CEARS-CRU 17 , found 10% to 15% rise in average monsoon rainfall by the year 2030. Some studies found the increasing trend of rainfall in the wet monsoon season and decrease in the dry winter and spring months [18] [19] . A combination of increased temperature and reduced rainfall results in an increase in evapotranspiration which is detrimental to crop growth 9 in Bangladesh. Food and Agriculture Organization of the United Nations [FAO] 20 , forecasted that dry season rainfall may decrease 37%, and the risk of droughts will increase significantly. Drought hampers land preparation and ploughing activities, delaying the seed sowing and the transplantation of crops. Crops which are grown in rabi (dry) season are adversely affected by drought. The drought in 1973 was labeled 'the worst in recent history, the drought in 1979 was dubbed 'the worst in living memory,' 21 and the drought in 1994-95 called 'the worst in this century' 22 in Bangladesh. Because of unavailability of relevant data, the figures on the annual drought related loss of crop production cannot be presented except for the 1982 drought. The total loss of rice production due to drought in 1982 was 52,896 metric tons 23 . Climate change has also increased the extent of monsoon flooding 24 . Long durational flood reduces agricultural production and causes death of livestock [25] [26] [27] . The salinity intrusion is also a cause of soil fertility reduction and decline rice yields [28] [29] in coastal areas of Bangladesh. Tropical cyclones hit Bangladesh 29 times in the second half of the last century, with one of the most devastating for taking 138,000 lives in April 1991 30 27 , reported that the 1988 flood reduces 45 % agricultural production. Salinity intrusion caused by sea level rise significantly reduces rice yield in coastal area 29 . Study of World Bank 13 , suggests that increasing salinity and 0.3 meter sea level rise will cause a net reduction of 0.5 million metric tons of rice with declining soil productivity for several years. Among the productive sectors damage was highest (0.43 Million USD) in agriculture for cyclone SIDR in 2007. According to the latest estimates, about 800,000 to 1300,000 MTs of paddy have been destroyed in SIDR which created severe food insecurity among the affected people 32 . It is predicted that due to climate change events production of rice and wheat will reduce 8.8%, and 32% respectively within 2050 33 as well as 30% in 2100 9 . Considering all these (direct and induced) adverse effects of climate change on agriculture, it can be said that production of crop is a substantial challenge in producing enough food in Bangladesh 13, [34] [35] [36] , and agriculture in Bangladesh is in a indescribable threat 8, [37] [38] .
To handle any aversive condition we need to adapt with the situation. Maddison 39 , argues that if farmers learn gradually about the change in climate, they will also learn gradually about the best adaptation options towards it. According to him, farmers learn about the best adaptation options through three ways: (1) learning by doing, (2) learning by copying and (3) learning from instruction. So, farmers' perceptions of climate change need attention for the success of agricultural production. The adaptation to climate change is highly required in order to cope with this concurrent problem. But for the limitation of economic support, lack of technical instruments, lack of sufficient development institute the adaptation options could not be followed effectively. The present research paper is tried to empirically analyze the impacts of climate change focused on agricultural practices, problems due to climate change effects along with adaptation capacity and coping strategies in the study area. Finally, the study also suggested some probable adaptive strategies to cope with the adverse effects of climate change effectively in favor of coastal zone of Bangladesh.
MAterIALS AnD MethoDS
A total number of 19 districts (including 129 Upazilla) out of 64 in Bangladesh are treated as the coastal areas, which are adversely affected Map 1: Location of the study area Source: Base map was collected from BBS 40 by climate change exposures 41 . Among them, the Ramgati and Kamal Nagar upazilla under Lakshmipur district were selected for the present study (Map 1). These two upazila were selected on the basis of vulnerability of climate change. Some parameters were considered to assess the climate change such as; prolong inundation, increase of salinity, loss of land due to river bank erosion and frequent climatic disasters like cyclone and seasonal flooding.
Both the Ramgati and Kamal Nagar upazila comprises with an area of 594.74 km 2 and almost all of the areas are situated at the lower Meghna riverine flood plain 42 . The study area comprises of 4, 64,000 people with 820.5 density per km 2 housewife, primary school teacher, NGOs' worker, local social leaders, students and workers) were chosen from the victims of climate change in the study area. Table 1 shows the socio-economic conditions of the respondents' of our study areas. About 95.83 % respondents were above 40 years old and most of them were male (85%). Most of the respondents were illiterate (45%), and majority of the people were living in temporary housing systems (about 77.5%) and they were living in their own house (55.83%). About 54.17% of the respondents were living beside the river coast and most of them were farmer (65.00%). Almost twothirds of the respondents (68.33%) had household incomes within Tk 3,000-5,000 per month, which was below the poverty line. Not only the economic condition of people but also the geographical location of Lakshmipur district has imposed the highest level of vulnerability and climate-disaster risk to its population.
The present study was carried out through primary and secondary sources of data collection. Field observation survey, questionnaire survey and Focus Group Discussion (FGD) (during March, 2014 to February, 2015) were accomplished for collecting primary data. The questionnaires contained structured and close ended questions to collect the information through face to face interview from the respondents.
Secondary data were collected from Bangladesh Meteorological Department (BMD). Collected data were processed and analyzed by the help of Statistical Package for the Social Sciences (SPSS: version-16) and map of study area were prepared by Arc GIS 9.1 software.
reSuLtS AnD DISCuSSIon

Climate Change Induced Vulnerability in the Study Area
The main concern of this study was to identify the climate change induced disasters, its impacts on agriculture in the coastal areas and coping strategies used by the victims of different disasters. In fig.1 we have presented the scenario of climate change (temperature and rainfall) in the study area. Data were collected from the Maijdi Court station which is one of the meteorological stations in the southeast region of Bangladesh and very nearer to the study area. Fig. 1 represents that mean maximum temperature (88.30%) and minimum temperature (96.40%) in December-January (winter season) significantly decreased ( fig. a and c) . On the other hand both mean maximum (98.40%) and minimum temperature (94.30%) in June-July (monsoon season) has been significantly increased ( fig. b and  d ). Fig. 1e shows that mean annual rainfall during the year of 1980 to 2011 has been slowly decreased (8.60%).
In the present study respondents were asked a dichotomous ("yes/no" response) question about whether or not they had perceived climate changes in their living area within the last 40 years. In the responses to this question about 87.5% of respondents had experienced climatic change within the last 40 years. After their initial response, they were additionally asked about their perceived experience to a series of climatic events that are commonly associated with the global climate change effects in Bangladesh and their perceptions for individual climatic events are presented in Table 2 .
It is observed from the Table 2 that almost 100% respondent perceived to increase in temperature, drought, flood and cyclone occurred in the study area where as, 96.6 % respondents perceived rainfall decrease in the study area. About 85.5 % people perceived increase in salinity intrusion, 85.2 % in rain less winter season, 92.0 % in long summer season, 90.9% in unpredictable rainfall, ) and 80.7% in changing the monsoon. Respondents were also responded to the intensity of climate change induced disasters. It is also found from the survey that 53% respondent urged that the intensity of major climate change induced disasters was very severe whereas only 9% of respondents were given their opinions as opposite thinking (not in Table 2 ).
Increase of temperature globally was also observed by [46] [47] [48] [49] [50] [51] . In regards, SAARC Meteorological Research Council [SMRC] 52 , observed an increasing trend of mean maximum and minimum temperature in some seasons, as well as overall trend of increasing the annual mean maximum temperature over the period of 1974-2012 in coastal areas of Bangladesh. Annual mean temperature from 1948 to 2008 and rainfall from 1970 to 2010 had been gradually changed 53 in Bangladesh. Drought mostly affects in during the pre-monsoon and post-monsoon periods and rice production reduces in 1982 due to drought in Bangladesh 23 . Impacts of coastal flooding were investigated by several researchers 27, [54] [55] [56] [57] . Previous studies found that frequent cyclones hit the coastal belt of Bangladesh [57] [58] [59] [60] . In a study Rahman and Alam 28 , found that the salinity intrusion is also increasing in the coastal areas of Bangladesh. Rain less winter season was similarly also found by [18] [19] . Unpredictable rainfall was also observed by 59, 37 . There is an evidence of 5-10% increase in intensity (wind speed) that would contribute to enhance storm surges and coastal flooding, and also project 20% increase in intensity of associated precipitation that would contribute to flooding 37 . Cyclone winds also increases in intensity because of the positive correlation with sea surface temperature 61 . In addition, Sarker and Hossain 57 , found that the river bank erosion, tidal surge and tropical cyclone were the most common disasters according to the people's perception in same study area. Intensity of these disasters was increasing with time 57 . Especially the riverbank erosion and tidal surge had increased significantly in the study area 57 . These evidences are similar with the perceptions of our respondents of this present study.
Major Agricultural Practices in the Study Area
It is observed from the survey that various agricultural activities are familiar and primary economic activity is dominated in the study area. Different types of field agriculture, fishing, poultry rising and community level crops are cultivated in the study area. Along with paddy various types of food crops like oil, pulse seeds and vegetables are also cultivated by the local farmers in the study area. Among them Soybean, Ground Nut, Sugarcane, Pea, Lentil, Gram, Mustard, Chili, Potato and various fruits & vegetables are mentionable. It is established from the FGD and field survey that, food crops and oil seeds were vastly cultivated after cereal crops commonly since last decade but recently it is going to be decreased and recently vegetable cultivations are rapidly increasing. These types of changes are being happened mostly due to climate change effects, adopting of HYV and market demand of cost benefit approaches, agricultural systems changes through time. It is also mentionable that many traditional and local grain and food crops cultivation and community level common agricultural practices were drastically fall down due to effects of climate change in the study area. Sarker and Hossain 57 had also claimed that the traditional paddy and pulse crops productions were decreasing. A comparative scenario of crop production status during the last few decades is shown in the following Fig. 2 .
It can be stated from the fig. 2 that vegetable oriented combined crop production and cultivation area are gradually increasing against oil oriented food crops from the decade of 1974-1984 to 2005-2014. As a result vegetable oriented food cultivation increased in almost double than that of oil seeds oriented food cultivation which decreased by 12% ( fig.2) . 
Major Causes and Factors for Changing of Agricultural Practices in the Study Area
It is true and fact that vegetable and fruit cultivations are being popular and these types of culture are demanding cultivation practices in course of time due to high yield variety and short duration and huge demand. High productivity and gradual increase of demand encouraged soybean cultivation in these areas. Mustard and ground nut were also cultivated besides soybean. Food crops varieties were almost similar to the past. Several major causes have been indentified for these types of changing of agricultural practices in the study area. In this regards the climate change issue has been identified as the main factors for changing of agricultural practices in the study area as well as in the whole Bangladesh. Sarker and Hossain 57 had also tried to prove that the whole agricultural system and practices of Bangladesh is being affected due the climatic instability and changing behavior. According to opinions of the respondent, the identified major causes are shown in the Fig.3 .
It is observed from the fig.3 that the 'loss of land' was one of the prime causes or responsible issue for changing of agricultural practices in the study area. This issue is operated by the various ways; such as land degradation, agricultural land shifted by the urban land or settlement and directly coastal land or islands are disappeared through sea level rise which is directly or indirectly associated with climate change issue for the study area as well as in the coastal Bangladesh. On the other two causes 'River Bank Erosion and Increase of Soil Salinity' are also directly responsible for changing of agricultural practices in the study area. The coastal river and liner settlement with cultivable land area of river bank are gradually decreasing through the processes of weathering and erosion by the river system in the context of Bangladesh. Simultaneously, salinity intrusion is a severe cause for changing of agricultural practices in the study area which is also related with flow of water and climate change issue.
According to opinions of the respondent, some major negative causes were identified which are responsible for low production of crops in the context of the study area. These are shown in the Fig.4 .
The above fig. 4 also reveals that the natural phenomenons which are related to climatic issue were seemed to be responsible for the low or negative production of crops in the study area. It was assumed from the survey that agricultural production was being negatively changed in the study area and maximum (73.33%) of the respondents reported that their agricultural production level and system is decreasing due the various climatic unusual behaviors such as extreme hot summer, sometimes heavy rain fall, unexpected flood and cyclone etc. It is also notable that the study area is mostly coastal based, the largest part of the areas is highly affected by flood and river bank erosion. A major portion of the respondents about 36.67% claimed river bank erosion as the prime cause or responsible for the negative changes of agricultural production in the study area followed by flood, cyclonic storm, salinity intrusion and drought with the relative opinions as percentage of 21.13%, 20.83%, 15.57% and 5.8% respectively (Fig. 4) . Regarding this issue, previous records also confirmed that some negative events such as; cyclone, excessive rainfall and river bank erosion were responsible for decreasing production of crops in the study area. In 2013, as a result of cyclone 'MOHASEN' and excessive rainfall the production of some crops were decreased by 13321 Metric Tons in the study area 62 . Sikder 63 also found in an investigation that the crop yield had been negatively impacted by flooding, droughts, salinity intrusion in these areas.
Perceived Adverse effects of Climate Changes on Agricultural Crops and Cultivation
It is a long time processes to find out the direct adverse effects of climate change oriented on local agricultural crops and cultivation. It should to be needed long time record based data sheet to know causal effects of climate change on coastal agricultural crop production in the contexts of Bangladesh. To know the visible effects of climate change on the local agriculture the old aged farmers' observations and their experiences were considered. About 5700 hectares of agricultural land in this district are fully or partially affected by salinity 64 . Moreover, various co-factors are responsible to lose and erode the surface soil and also lose of soil productivity in the coastal areas of Lakshmipur district. The present study reviewed that climate change induced disasters such as river bank erosion and storm surges were acted as negatively on agricultural crops in the study area. Food crops and oil seeds were mostly affected as important agricultural crops due to climate change oriented disasters. According to opinions of the respondent and expert opinions survey, a perception based observation and visible effects of climate change on the local agriculture and crop productions of the study area are shown in the Fig.5 .
It is observed from the above fig.5 that food crops, vegetables and oil seeds are going to be affected in different ways. According to the opinion survey, food crops (30.83%), vegetables (48.33%) and oil seeds (47.5%) were affected through excessive crop damage by the climate change induced disasters in the study area (Fig.5) . Accordingly, food crops (12.51%), vegetables (29.17%) and oil seeds (18.07%) were affected through lost of land productivity and simultaneously, food crops (56.66%), vegetables (22.5%) and oil seeds (34.34%) were also affected through low production capacity by the climate change induced disasters in the study area (Fig.5 ). An earlier study conducted by Sarker and Hossain 57 had also found that agricultural land was losing and food crisis was creating in the coastal areas of Bangladesh due to river bank erosion, saline water intrusion and other unusual disasters which are related to climate changes and threatened on whole agricultural system on coastal Bangladesh.
Adaptation and Coping Strategies for Agricultural Practices Due to Climate Changes
Adaptation refers to the adjustment in ecological, economic, social and human systems in response to actual and expected climatic changes and impacts 16 . It involves learning to manage new risks and strengthening resilience in the face of change 20 . Coastal communities are struggling to cope with the existing challenge of climate shocks but climate change could push backward beyond their ability to cope 65 . By strengthening coping capacities can enhance the flexibility of a community against the effects of climatic hazards. So, it is essential to know how coastal communities are adjusting themselves against climate change through indigenous methods used in agricultural practices of the study area. According to opinions of the respondent, the adaptation and coping strategies which were already been introduced through cultural assimilation by the local farmers in the context of the study area are shown in the Fig.6 .
It is found from the study that a significant portion of respondents or stakeholders did not use any coping strategies to sustain their oil seeds, vegetables and food crops [in oil seeds (42.17%), vegetables (38.33%) and food crops (43.33%) respondents] in the study area in response to climate change (Fig. 6) . Therefore, the farmers in the study area were tried to adopt some coping strategies through their inherited knowledge and practices i.e. Cultivation of short duration crops [oil seeds (35.33%), vegetables (20.83%) and food crops (5.18%) respondents] and introduction of new verities [on oil seeds (13.33%), vegetables (16.67%) and food crops (21.55%) respondents] (Fig.6 ).
It is also observed from the study that about 47.5% respondents used to adopt moderate coping strategy and 35% respondents used to adopt low coping strategy on agricultural practices regarding the climate change effect the context of the study area. The present study also found that some initiatives had been taken by the Government and NGOs at local levels for coping with ultimate climate change in the coastal area of Bangladesh. A comparative scenario of adaptation and coping strategies which were familiar by the local farmer for crop production during the last few decades in the study are shown in the Fig.7 .
According to opinion of the respondents, most of the initiatives had been taken by government (87.83%) and followed by NGOs (10.81%) and CBO (1.35%) in the study area (Fig. 7) . It is also observed from the survey that the government level initiatives for coping with climate changes were included by the making of embankment, supplying good seeds and giving loan to the poor and landless farmer. The NGOs initiatives were limited in supply of good seeds and giving small scale loan as micro credits to the farmer and those also done by CommunityBased Organization (CBO) but in a small scale. On the other hand, some obstructions were identified from the present survey through respondents' opinions in protecting their cultivated land and also crops. The major obstacles were comprised with River bank erosion, shortage of embankments, lack of irrigation facility and unusual massive flood. Some less obstruction were also identified by the respondents' opinions such as tidal surge and improper maintenance of embankments for sustainable agricultural practices and management against the ultimate climate change effects in the context of the study area.
ConCLuSIon
Vulnerability of coastal areas of Bangladesh is well recognized to climate change issue. Lack of institutional and financial support to deal with climate change in the coastal area of Bangladesh is greatly affecting the coastal people. Present research proposed some probable future coping strategies in response to climate change in the Lakshmipur coastal area of Bangladesh. People at the vulnerable areas need to adopt different strategies (i.e. adoption of short duration crops, new variety and making embankment as per agricultural crop cultivation) to minimize the effects of climate change.
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